A marked leukopenia, followed usually by a leukocytosis, is one of the constant reactions produced in experimental animals by the administration of endotoxin from Gram-negative bacilli. This reaction occurs along with other disturbances including fever, shock, hyperglycemia followed by hypoglycemia, thrombocytopenia and pathological changes in the gastrointestinal tract. The leukopenic response which has been described by many investigators (1-3) has been confirmed in this laboratory by our observations on dogs following the intravenous injection of Shigella endotoxin. We have also noted a rather marked leukopenia in some children with gastroenteritis due to Shigella (4).
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In 1952, Penner and Klein (5) presented evidence that certain systemic effects, including the leukopenic response, following the intravenous injection of Shigella dysenteriae endotoxin are mediated by the direct action of this toxin on the central nervous system. From the results of cerebral cross-circulation experiments in which one of a pair of dogs received the entire blood supply to his brain from his partner, and vice versa, they reported that only the dog whose brain received its blood supply from the opposite dog, into whom the toxin had been injected, developed leukopenia and other systemic changes. The dog into which the toxin was injected failed to manifest the typical disturbances. They concluded from these experiments that the toxin acts directly on the brain, and suggested that the site of action was probably in the region of the hypothalamus.
Weil, MacLean, Spink, and Visscher (6) have recently presented evidence that does not support the idea that the shock produced by endotoxin is a result of a direct action on the central nervous system. They found that in cross-circulation ex-periments as described by Penner and Klein the shock and the leukopenia was not limited to the dog whose brain received the endotoxin. They further report that the shock is produced by endotoxin in dogs on whom chordotomy, with and without vagotomy, has been performed; and that arterial hypotension occurs in the decapitated dog given endotoxin.
The work of Mitchell and Stuart (7) on adrenalectomized cats suggests that the leukopenic response to PyromenQ is mediated through the adrenal gland. Soylemezoglu The toxin was injected into either the femoral or brachial vein of both anesthetized (Nembutal®) and unanesthetized normal adult dogs, and blood samples were collected from either the femoral or brachial vein. The samples were collected in tubes to which a few heparin crystals had been added as an anticoagulant. White blood counts were performed in the conventional manner on a Spencer Bright Line counting chamber, using N/10 hydrochloric acid as the diluting fluid.
Cerebral cross-circulation was performed by the method described by Penner and Klein with the following modifications: The vertebral vessels were exposed by way of a low, anterior, mid-line, longitudinal, cervical incision and ligated before their entrance into the vertebral canal of the transverse process. The entire procedure of ligation of the vertebral vessels, cross-circulation and administration of the toxin, was done at one time, rather than the preliminary ligation of the vertebral vessels as described by Penner and Klein. With these exceptions, the procedure described by the above mentioned investigators was used. In two experiments human serum albumin labeled with radioactive phosphorus (P') was injected into Dog 1 at the same time as the toxin and radioactivity were measured in blood samples from both dogs at various intervals. A deep well counter was employed for these counts. A fall in temperature in the animals was prevented by the application of external heat, since it has been shown that a leukopenia will develop in dogs made hypothermic (10, 11) . Decapitation was performed at the level of the sixth cervical vertebra. Artificial respiration was maintained by means of a Stoelting respiration pump, and a fall in body temperature was prevented as above. Toxin was administered intravenously, and blood specimens were obtained at regular intervals.
Bilateral adrenalectomy was performed in a one stage procedure through a right subcostal incision. The adrenalectomized dogs were given 75 mg. of cortisone acetate (11 dehydro-17 hydroxycorticosterone-21 acetate) intramuscularly 24 hours prior to surgery and were maintained on this daily intramuscular dose until able to take the medication in oral form. They were then given a single daily dose of 75 mg. with additional sodium chloride in their drinking water for a period of 10 to 15 days following surgery. Twenty-four hours prior to the administration of the toxin oral cortisone acetate was omitted, and the animals received 25 mg. of the intramuscular preparation at this time. The animals appeared to be in good condition at the time of toxin administration but were in mild adrenal insufficiency as evidenced by altered serum electrolytes.
RESULTS

Normal dogs
In Table I the white blood counts in normal dogs, following the injection of Shigella toxin, are presented as examples of the leukopenic response. It will be noted that anesthesia did not alter this response. This typical leukopenia is a constant reaction to endotoxins. Cerebral cross-circulation
The white blood counts in the paired dogs of the cross-circulation experiments are presented in Table II gastrointestinal tracts of the paired dogs revealed no differences in the lesions present in the two animals.
Decapitation
The results of the white blood counts in the decapitated animals are tabulated in Table III . It may be noted that in the control animals no significant leukopenia developed after decapitation. This is in marked contrast to the definite leukopenic response in the decapitated animals which received the toxin. This response is graphically presented in Figure 1 which shows the per cent change in the leukocyte count of the decapitated dogs. In the control animals the greatest fall in the white blood count was 36 per cent, whereas in all the animals which received toxin there was a drop of at least 80 per cent within 30 minutes after the injection of the toxin. As in the previous experiment, toxin from both S. flexneri and S. dysenteriae was used.
Postmortem examination of the gastrointestinal tracts of the decapitated dogs revealed severe hemorrhagic lesions, indistinguishable both grossly and microscopically in the control and toxin-inj ected animals.
Adrenalectomy
The leukocyte response to Shigella toxin in adrenalectomized dogs is shown in Table IV . Again it will be noted that these animals responded to the toxin by the development of a definite leukopenia. The dose of toxin administered to Dog 1 was 0. quently, the dose of toxin employed was 0.1 ml. per kilogram of body weight, and with this dose death occurred within three hours. Postmortem examination of the gastrointestinal tracts in these animals revealed hemorrhagic lesions as in the other experiments.
DISCUSSION
While the results of the cross-circulation experiments presented here are quite different from those of Penner and Klein (5), they are in agreement with the results reported by Weil and coworkers (6) . The latter investigators concluded that this technique did not satisfactorily exclude the anastomotic channels in the skin, muscle and within the spinal canal, and, therefore, the endotoxin entered the opposite circulation. They note the fact that the endotoxin used by Penner and Klein was produced from S. dysenteriae which is known to differ from other Gram-negative bacilli in that it produces a neurotoxin which acts as an exotoxin. In our experiments this variable was eliminated, since toxin from a culture of S. dysenteriae, known to produce a potent neurotoxin, as well as toxin from a culture of S. flexneri which does not produce a neurotoxin was used. As in the experiments of Penner and Klein, and Weil and associates, an excess of toxin was employed in our studies.
Although separation of the circulations was not achieved in the cross-circulation experiments, the results of the decapitation studies would exclude the brain as essential for the production of the leukopenic response. The possibility exists that there is more than one mechanism for the production of the leukopenia and that one of these does involve the brain. To disprove this possibility it would be necessary to obtain a satisfactory separation of the two circulations, and this has not been done in the experiments here reported. This problem might be answered in spite of the incomplete separation of the circulation by adjusting the dose of toxin so that the minimum neutropenic quantities of the toxin were injected into Dog 1 The studies of Braude, Carey, and Zalesky (12) are of interest in this regard, in that they were unable to detect significant radioactivity in the brains of rabbits which had received E. coli endotoxin labeled with radioactive sodium chromate. They did find a large amount of the labeled endotoxin in the buffy coat at the time of the leukopenia.
Chambers, Koenig, Koenig, and Windle (13) have reported a leukopenic response to bacterial pyrogens in the dog after cervical spinal cord transection, and Pasztor, Lissak, and Martin (14) found that the cat, after total sympathectomy, responds to the injection of E. coli endotoxin with a leukopenia.
Delaunay (1) has attributed the leukopenic response to endotoxins to the retention of the leukocytes in the capillaries of the lungs, liver and spleen. The ultimate fate of these leukocytesthat is, whether they are destroyed or reintroduced into the circulation-is unknown. The data presented here, it would appear to us, exclude the brain as an essential site of action of the endotoxin in the production of a leukopenia.
No conclusions can be drawn as to the action of Shigella toxin on the central nervous system in the pathogenesis of the gastrointestinal lesions, since the decapitation procedure produced lesions indistinguishable from those resulting from the toxin alone. Keller (15) , in 1936, described the production of hemorrhagic lesions in the digestive tract by intracranial trauma. Thomas (3) has commented on the increased susceptibility of adrenalectomized animals to endotoxin. This fact was confirmed by our observations on adrenalectomized dogs as evidenced by the reduced dose of toxin necessary to produce death. Lewis and Page (16) have reported that adrenal extract and steroids exert a protective power against bacterial toxins in adrenalectomized rats. They found a decrease in the total leukocyte count in adrenalectomized rats two hours after the administration of typhoid vaccine, provided the rats had been maintained on saline alone. If, however, the adrenalectomized animals were treated with adrenal extract or compound A, there was no significant change in the total white blood 'count at the same period of time following the administration of the typhoid vaccine. Our observations show that there was no alteration in the leukopenic response to Shigella toxin in the adrenalectomized dogs and thus confirm the findings of Soylemezoglu and Wells (8, 9) .
SUM MARY
The leukopenic response to Shigella toxin in the dog has been confirmed. The cerebral crosscirculation studies reported by Penner and Klein (5) have been repeated with some modification in the technique, and a satisfactory isolation of the two circulations was not obtained. The decapitated dog responds to the Shigella toxin with a leukopenia, and therefore, we exclude the brain as an essential site of action of the toxin in this specific response. The adrenalectomized dog also responds to Shigella toxin by the development of a leukopenia.
